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more than a year from various breeds in the vilage “El Brito, Escuintla, Guatemala 
‘ne mililiter of blood was eolected from each dog. The samples were analyzed using 
ELISA test towxamine the presence of antibodiesin adult warms. 

Results: The prevalence determined for antibodies against Dirofilaria immitis of 
‘sampled canines was 2.7%, and the most frequent age ofthe canines was 1-3 years old 
(35%), 

Conclusions: According to the obtained data, the prevalence of canine dirofilariasis in 
a southern region of Guatemala was low. 


1. Introduction 


Canine dirofilariasis, also known as heartworm ascites, pulmonary edema, and death (Figure 2). Another 
disease, is due to an infection by Dirofilaria immitis (D. severe complication of canine heartworm is caval 
immitis). Its importance, conceming the well-being of syndrome in which displacement of flarta from pulmonary 
pets, has increased in recent years since it Is one of the 
most common parasitic diseases in dogs and an 
emerging zoonosis!. This disease is distributed 
worldwide, with a prevalence ranging from 7.57% in 
Africa and 22.68% in Australia (Figure 1) This 
prevalence is influenced by climate and topography, but 
most Importantly, by the presence of the mosquito 
vectors, including ubiquitous Culex spp, Aedes spp., and 
Anopheles spp 

‘The adult worm is typically situated in the 
pulmonary artery and right ventricle of the heart of 
canines and felines, and in some cases, humans. Clinical 
signs In canines Include dyspnea, hemoptysis, and Figure 1. oil map, the prevalence of Dirofilaria immit dogs per 
right-sided congestive heart failure symptoms, suchas continent Source Aneariet sl) 
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arteries Into the right atrium and ventricle causes tricuspid 
valve insufficiency, increased pressure in the caudal vena 
‘cava, and subsequent hepatic congestion! 

Studies in wild carnivores on D. immitis have gained 
Importance due to their likely transmission to domestic 
dogs. Foxes, coyotes, wolves, sea lions, harbor seals, 
laboratory ferrets, bears, muskrats, raccoons, and 
bobcats are wild carnivores susceptible to this disease’ 
Serbia had its first findings of diroflatiasis in wild 
carnivores in 20144 In Romania, 3.24% of the tested 
population gave a positive result, including a red fox, 
golden jackals, and a wildcat”. Latin America has scarce 
studies on wild carnivores 

In recent years, scientists have reported the 
Importance of investigating human cases of dirofilariasis 
since it can be easily confused with lung cancer, and 
most of the nodules are discovered accidentally. Human 
diroflariasis is commonly asymptomatic. However, in 
some cases, it presents cough, chest pain, eosinophilia, 
hemoptysis, and fever”. In 2015, the Russian Federation 
reported a case of human dirofilariasis in a 14-month- 
old child for the first time! Another study reported 
1,782 cases in humans (116 distributed in the United 
States and approximately 50 cases in South America and 
Costa Rica)". In Central America, some epidemiological 
data has been generated in Costa Rica!. However, no 
data has been published for the rest of the countries”? 

Like other Latin American countries, Guatemala has a 
high-density of canine population. Poverty, lack of 
water, and sanitation issues in southern Guatemala! 
Increase the probability of vectors of D. immitis in the 
area. Few studies have been conducted in Guatemala on 
this parasite, Several villages in three departments of 
Guatemala reported a 29.7% prevalence of D. immitis 
using the same method used in this study 
Nevertheless, knowledge in Guatemala of D. immitis ts 
scarce and practically inexistent. Therefore, the current 
research almed to explore the circulation of antibodies 

inst D. immitis in dogs in the southern part of 
Guatemala. 


2. Materials and Methods 
2.1. Ethical approval 


‘This research was approved by the Bioethics Committee 
of the Graduate School, Veterinary Medicine and Animal 
Husbandry Faculty, University of San Carlos of Guatemala. 


2.2. Study area 


‘This research was conducted in the vilage “El Brito”, 
located in the municipality of Guanagazapa, department of 
Escuintla, Guatemala, with coordinates 14°08'262 “N 
‘90°39738.3 "W. tis located at 315 meters above sea level with 
an average temperature of 16°C and 34°C; 13 millimeters of 
precipitation in the rainy season and 2 millimeters during the 
dry season; relative humidity of 81% average and 13 
kilometers per hour of wind speed! The collected data 
Indicate that El Brit's total population is 1,840 people”. 


2.3. Methodology 


‘The Ministry of Public Health and Social Care (MSPAS 
for its acronym in Spanish) estimates a proportion of one 
dog for every five habitats, in which 368 canines represent 
the estimated population. In the present study, due to 
‘some limitations, 110 dogs were sampled on August 2019 
(equivalent to a 95% population, 8% margin of error, and 
assuming a 50% expected frequency), including 51 females 
‘and 59 males. Dogs were selected opportunistically during 
‘vaccination campaign against rables with the help of the 
president of Community Councils for Urban and Rural 
Development (COCODES) of the village. The sample was 
collected by including dogs of both sexes older than one 
year from different breeds. 


2.4. Sample analysis 


One milliliter of blood was collected from each dog, 
usinga three-millillter syringe with a 21-caliber needle; the 
extraction point was the antebrachial cephalic vein, The 
Samples were Introduced in anticoagulant EDTA K3 tubes. 
‘The latter is an alternative form of K2 EDTA, containing 3 
potassium ions, which does not influence MCV at higher 
concentrations. All tubes were put in a cooler for 
transportation to the laboratory. The samples were 
‘analyzed in the Clinical Laboratory of the Veterinary 
Medicine Hospital at the Faculty of Veterinary Medicine 
and Animal Husbandry, University of San Carlos of 
Guatemala, in Guatemala City. A commercial kit of 
VetScan® Heartworm ELISA Rapid Test by Zoetis United 
States test was used. This test indicates the presence of 
‘antigens in the adult worm. The test was made according to 
the manufacturer's specifications 


2.5, Statistical analysis 


‘The data collected was registered in Excel 2016. 
Categorical variables were analyzed with frequencies and 


percentages. SPSS version 20.0 (USA) was used for 
analyzing the data. Descriptive statistics were used to 
demonstrate heartworm prevalence. T-test was used to 
compare data, Bonferroni test was chosen to determine the 
mean significant differences. The p < 0.05 was considered a 
significant difference 


3. Results 


‘The average age distribution of sampled mixed-breed 
dogs over one year old in Guatemala showed in Table 1. 
‘The obtained results indicated that 85% of sampled 
canines were between 1-3 years old, followed by 6% 
between 3-5 years old, 6% between 5-7 years old, 2% 
between 9-11 years old, 05% between 7-9 years old, and 
05% 13-15 years old. 


“Table 1. Average age distribution of sampled mined-beed dogs over one 
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‘Table 2 demonstrates the sex distribution of sampled 
mixed-broed dogs over one year old in Guatemala. Results 
showed that 46% of sampled canines were female and 54% 
were male. 

‘The prevalence determined for antibodies against 
Dirofilaria immitis of sampled canines was 2.7%. 


Table 2. Sex dstibuton af sampled mixed-beet dage over one year old 
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4. Discussion 


‘The prevalence found in the serosurvey was low 
despite the fact that dogs are susceptible to D. immitis™. 
‘This might be due to the fact that most of the sampled 
dogs were young, and infection rates increased with 
age"? Although the climate is favorable for the existence 
of infectious vectors 21, and the dogs were of varied 
ages and sexes, a considerably low prevalence was 
found. 

‘The campaign was offered where Infectious mosquitoes 
were present However, a high percentage of the sampled 
canines spent most of their lives indoors, only going 
outside when necessary. The risk of being bitten by 
mosquitoes decreases in dogs kept indoors because the 
active time of mosquitoes is during dusk and dawn, The 
presence of microfilariae In the blood of dogs is present 
until approximately 85 days after the infection, or it can be 
hidden, These factors can explain the lack of evidence of 


D. immitis in the sampled dogs. 

‘A second consideration would be the sex (Table 2) and 
size of the dogs. OF the three positive dogs, two were male, 
and all three were of medium size. Dogs of medium size are 
more likely to be used as work dogs and generally spend 
more time in the exterior of the house, increasing the 
exposure of being bitten by the vector 

‘As far as the author is concemed, this is one of the first 
research investigating the overall prevalence of D. immitis 
antibodies among dogs in Guatemala. The results reported 
only 2.7% of the dog population has antibodies 
Furthermore, the obtained result revealed that clinical 
symptoms of D. immitis were not observed in any sampled 
canines 

‘A study conducted in Latin America presented a 
prevalence of heartworm in three different eitles of 
Columbia, 1.2% in Cartagena, 0% in Medellin, and 1% in 
Barranquilla, 2% prevalence in Brazil, and 1% in 
Cuiabá, Brazil which is concordant with the results 
obtained in the current study. A survey in Mexico 
determined an 89% prevalence of D. immitis? and in Sucre, 
Venezuela of 8.7%% which is discordant with the present 
results. These results highlight the importance of Further 
research in the current study res. 

Wolbachia is present in every stage of the parasite 
Lifecycle. The use of antibiotics, including doxycycline in 
combination with macrocyclic lactones (such as 
Ivermectin, abamectin, and selamectin), has even been 
considered a treatment for heartworm disease in dogs 
because it interfered with Wolbachia®. In adult worms, 
this protocol causes neuromuscular dysfunction and 
reduces microfllaria production, which leads to the 
degeneration of late-stage embryos". The combination of 
these antibiotics is widely used in Guatemala for dog 
Infections. According to a study, a high percentage of the 


dogs sampled had recently been exposed to this 
protocol”. 
‘The accepted gold standard is the presence/absence of 


adult worms (pulmonary arteries and/or heart) in 
necropsy examination, However, necropsy as a gold 
standart for diagnostic assays presents difficult procedural 
and ethical challenges. This would be another justification 
for the use of the commercial kit of VetScan® Heartworm, 
ELISA Rapid Test by the Zoetis United States. 

‘According to a study, El Brito meets the climatic 
conditions forthe presence of the vector" Considering the 
results of this study, further research needs to be 
conducted to determine the presence of heartworm, 
disease, adding a necropsy diagnosis in every deceased dog- 
Decreases in mosquito diversity due to urbanization alter 
vector-borne disease tisk". Regarding dog heartworm 
disease, this loss of mosquito diversity is associated with 
decreased heartworn prevalence within both the vector 
‘and the hast. Although the response is likely different for 
diseases transmitted by one or a few species, mosquito 
diversity losses leading to the decreased transmission 
could be generalizable to other pathogens with multiple 
vectors. 

Human diroflariasis has been reported in countries, 
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such as Brazil, Cuba, Canada, Argentina, Ecuador, and the 
United States. No known case has been reported in 
Guatemala, However, more research needs to be done due 
tothe public health issues ofthis parasite 


5. Conclusion 


Results of this study indicated a prevalence of 
antibodies to Dirofilaria immitis of 27% in sampled 
canines. The majority (85) of the dogs sampled were 
between 1 and 3 years of age, and the majority (54%) were 
male. Of note, the findings of the current study suffer fom 
some limitations, including the performance of the study in 
only one location and lack of medical histories of the 
‘sampled dogs. Given the findings of the present study (the 
first one in Guatemala) and considering that none of the 
canines exhibit symptoms a small percentage of 
antibodies, and Insignificant mortality rate in recent years, 
more research needs to be conducted to Identify the 
prevalence of heartworm in canine population in El Brito, 
Guanagazapa, Escuintla. 


Declarations 
Competing interests 


‘The authors have declared that no competing interest 
exists. 


Author's contribution 


‘The author wrote the manuscript and checked the final 
draft of the manuscript for publication. 


Funding 
‘This research was financed by the principal author. 
Availability of data and materials 


‘The author granted the publisher the sole and 
‘exclusive license of the full copyright in the contribution. 
Consequently, the publisher shall have the exclusive right 
throughout the world to publish and sell the contribution 
in all languages and all other forms of electronic 
publication. 


Ethical considerations 


All participants in the following research were not 
subjected to any harm whatsoever. Full consent was 
provided by the owners of the dogs. The privacy and 
anonymity of participants have been ensured. The authors 
carefully examined all ethical issues concerning plagiarism, 
approval to publish, errors in fabrication, double 
publication, and submission, 


Acknowledgments 


None. 


References 


L Adebayo 00, Akande FA and Adenubi OT. Canine dirotilariasis: Acase 
repart and review af the erature Folla Veterinaria. 2020; SACI) 
781. DOs: //dl.og/102478/tv-2020-0009, 
Anvari D Maral E Darya A Sarvi S Moasazadeh M, Herarjaribi H 
Gta The global status of Dirofilaria tnmtis in dogs: A systemate 
Fesiew and meta mayst based on publ articles Res Vet So. 
2020; T31: 104-116 DOE hups- // dotar 10:1016/irvsc 2020.04.02 
4 Wang D, Bowman DD, Brown HE Harrington LG Koulman PE, Mekay 
That al Factors iniluncing ÜS. canine heartworm. (iran 
Its) prevalence. Pauses Vecors 2014; 7: 264. Atadable at 
‘iy paetsndvcor Some nalcon aii /10118/17 
Dently EL iiandisy RM, and Caragiel Ce canine heartworm 
(Chris im) endemie to South Australa? J Ast Vet Journal 2019: 
376): 191-96 DOl: tps door 1.1111 12614 
5. Otranto D and Deplazes P. Zoanotie nematodes af wili carnivores: Int 
J Paradtok Parasites and Widife 2019; 9: 370-383. DOL 
hups /dotara/ 10 1016/i ppa 201812011 
ones A Selakovië § Pavlović | and Ĉiroviė D. Arst Andinge and 
prevalens of aduk heartworms (Dione immitis) in wild 
Carnivanes from Serbia. Parasitol Rex. 2014; 113: 3281-3285. DO: 
‘apy ovary 10.1007/s00430-014-3991-9 
7 Jenie AM Matei 1A. D'Amico G, Ababil], DaskalalAA Sindor AD eta 
Fiaroid ineens in wid carnivores: A walikpaces survey 
psy leiary 10.1186 /s13071-017- 2269-3 
Carretin E Marchin R, and Montoya-Alons JA Cardiopulmonary and 
intlammmatory biomarkers ôn heartworm disease. Parstes Vectors 
2017; 10: 534. pO hupe: //4okony/101186/s13071-017-2488-2 
Stone M Dabl I, Stone C and Dalal B. Uptake in Pulmonary 
Diroturce) Radiol Cae Rep 2015; 9: 28-38 DOL 
haps dairy 103941 /jrerva 1869 
Tumalskaya N Pozi E Rakova VM, Supriaga VG, Sergiev VP, 
Morozov EN, et al Dirofilaria immitis ina chil trom. the 
Russian Federaion | Parasite. 2016; 28: 
Ip /daLorg/ 10.105 /paraite/ 2016037 
Simin P, Ser Lucas M Morehin fe Gonzi Miquel J Mellado 1. 
(Caran E etal Human and animal dirofdariasis The emergence ofa 
omoule momie Ci Mirabial Rev 2012; 25: 507-344. DOE 
Ips etary 10. 1120/CMRD0012-12 
‘Wer L Rely P, Acheron K, Sayed H, Kalenboeck K, and Wang C 
Molecular detection of Dirofilaria immitis, Hepatozaon canis, Babesia. 
spp, Anaplasma platy and Ehrdiehia canis in dogs on Costa Rica. Acia 
Parasol 2014; 60: 21-25. DOK hips /olarg/10 1515/2015 
13. Magg RG and Kramer F. A review on the occurrence of companion 
peclar-borne dieaset in pet animals in Latin America. Parasites 
Vectors. 2019; 12: T45. DON: htp://daor/ 103 186/s13071-019- 
Grech. [Internet] Disability. poverty. and education: Perceived 
barriers and (u)connections In rurai Guatemala Disabany and 
the Gobal South 2014; 1: 128152. Available at: 
hrap fwrw semantiescholar arg/paper/ Disabiity%42C-poverty= 
and-eduestion sA -pereeived-and-in- 
Grech /09 78d Aebalan594/09e449 4646178861719 
Mader Ramos RAN, Otranta D and Dantas-Tarret F Vector:borne 
pathogens in dogg ftom Guatemala Central America. Vet 
Parasitol: Reg Studies Rep, 2020 22 100868.” DO 
hups torg/ 10101 67, prs 2020.100468 
INSIVIMEHE [internet] Datas Metorologieos de Jas Departamentos 
Instiuta Nacional de Sismologia. Vulcanologia, Meteorologia € 
Hidrlogi, 2015 [ched 2022 Auga 20) "Aalae at 
‘ny fistriodnsivumeh gob gt/normareiimaricas/ 
Sigel [tere Plan de Dental Gianagazapa Exes Secretaria 
de Paniicisiny Pogramacicn de 1a Presenda 200, Avalabe s 
hips ose pangnt apart index php/btecs- document 
18 SIGSA tert] Lineamientos tenons para Ia campaña nacional 
de vacunación amtirábiea canina, Guatemala. Ministero de 
Saud piblea y assena socal 2017; Availabe at 
‘nus Sasa mspagobg/ deseargas/lineamientoscanina pdl 
19. amorovat M Shari Fast M Nasibi S Sadeghi B, Khedri etal. 


Arimany M, Journal of Veterinary Philos and Pathology, 2022; 1669-78 


[intarnet] Parasitalogieal serail, and molecular study of 
Dirofiaria Immais im domestic dogs, Southeastern Iran. Iran 


J Parasol 2017;  TA(2): "260268. Avalable at 
Inupsfww nc nima nih gv / prac /artieles /PMCS 527037 pa) 
Pat2-260 pl 


20 Vezzani D, Caibajo AK Fontanarrosa ME, Seodellaro CF, asabe J, 
Cangana G, et a Epidemiology of canine heartworm in i muther, 
distribuis li in South Amene Risk Belon, interannual trend 
And spatial patterns. Vet Parasol 2011; 176(2-3) 240-209. DOE 
‘g/d an 10 1016 tyr 2010-10046 
Ahmad y. Veterinary Parasitology. In: Tylor M, Coop Rl, and Wall 
RL, dion. J ed Orford: Blackwall 2007. Avaliable at 
Inj //w waca demia edu /107 98) 12/Veernary Parasol 
Faiten 
Johansson S. [burt] General health conditions in the dog population 
St Lilongwe. Uppsala SLL Dept at Chel Scenes 2016 [ted 2022 
September 3) Available at hip//urn kse /resolvePurneurn: 
ibresesiupslon--5807 
Rameroedrguer P, Garci-y-Gonzilee E, SamosSotomalor C 
Pinada-Durgos B, OlarValldold G Herinder uiz P. t al 
Prevalencia. de Dias fmt en caninos dombstkos de dos 
municipios del uöpico de Guerrera, Mexico. J Aban Vet 2019; 9: 111 
Dotchups//dotarg/10.21925/abavet2010915 
McCown ME, Menterroso VH, and Cardona W. Surveillance for 
Ehnichia canis. Anaplasma phagoeytophtum Borrelia burgdaren, 
And Dirofilaria immitis im dae om thre cities Im Cumbia) CES 
Med Vet y Zootecnia 2015; IO): 224231. Avalable aE 
Intp// www edal yearg/ artea aa?i =321443145015 
Lakarthe N. Pereira MC. Barbarini O, Mekee W, Coimbra CA, and 
Hoskins}. [Internat] Serologic prevalence of Dirofilaria immitis, 
Ehrlichia canis. and Borrelia burgdorferi infections in Brau. Vet 
harap: Rer Appl Vet Med 2003" AQ} E775. Avalale a 
 hipss/europepme-ars/article/med/1 2756637 


26 Hames DG, cco HKA Torres M liraga 1A Pacheco R, and Sinke ALL 
Helminths parasts af stray dogs (Canis lupus amar) ram Cus, 
Mester ol Braal Universida de Emdal de Londrina 2015; 9602, 
B09 B73 Dol:hpsy//doiarg10.5433/ 1679- 0359201573602509 
Movila R Garcia © Sebert S and Roura X Countrywide serological 
evaluation of canine prevalence for Anaplasma pp. Borela 
Sunorter (sensu lato), Drofaria mmiki and Ehrchia anis 
‘ups fdatorg/10 1186/s13071-016-1686-2 
‘Taylor MJ, Voronin D, Johnston KL and Fard L Wolbachia arial 
Interactions Cell Microbial Z012 15(4): 520-526. DOL 
Ips /dotara 10.1111 /em 12008 
Mazzocchi C Montarino M Grand G, Kramer LH, Genchi €. Handi et 
al Combined emeen and doweyelime Imaiment has 
Tricia and full activity against Diralilania immitis in 
Eaperimentaliy ince dogs int} Parasitol 2008; 38(12): 1401 
1410. DOL bps doi om/10-1016/iilpara 200803002 
Kramer I, Crosara S, Gnudy G, Genchi M Manga C, Viet A et al 
Wolbachia, dosrepdine and macrocyce lactones New prospects i 
the trentment of canine heartworm disease. Vet Parasitol 2018; 254: 
95:97. DON: hnps://dai om /10 1018/jvetpar 201003005 
American heartworm soi. [Internet] Prevention, diagnosis. and 
managemen of heartworm (Dioflaraimmiis) infection 
dn dos 2018 eed” 2022 September 5| AVable at 
Ips Arwe heartwarmsociety oray mages/ pl/2018-ANS-Canine- 
Guldelmespal 
Spence M R Federico jl and Relskind MHL Mosquito diversity and dog 
heartworm prevalence in suburban areas Parasites Vectors. 2020: 
13C): T2 DOE hinpss// dotor /10:1 188/2107 1-019-30740 
Taguleda A, Boucowt E. Jiminez M, and Carrera M. Actua 
clns-epideieligice infec bumana por dirofilaria Immis y 
fouas Alaras asendteas J Sei Res 20195 MIE L17. DOK 
pes /dolora/ 10.5281 senode 3279512 


